CONGENITAL MALFORMATIONS AFTER
This paper describes a method by which the action of a specific vitamin (nicotinamide) can be inhibited for a vNery brief period of embryonic development by an analogue (6-aminonicotinamide), and presents preliminary observations on the types and frequencies of malformations so produced in the mouse. Major skeletal malformations have been observed in the offspring of pregnant rats (Murphy, Dagg, and Karnofsky, 1957) and mice (Pinsky and Fraser, 1959) , and in newborn chicks from eggs (Landauer, 1957) treated with 6-aminonicotinamide. Simultaneous treatment with nicotinamide gave protection against the inhibitory effects of 6-aminonicotinamide as measured by the LDso in mice (Johnson and McColl, 1955) and by teratogenicity in chicks and rats (Landauer, 1957; Murphy et al., 1957) . It has been demonstrated (Dietrich, Friedland, and Kaplan, 1958) that the inhibitory action of 6-aminonicotinamide on certain diphosphopyridine nucleotide (D.P.N.)-dependent reactions results from its rapid substitution for nicotinamide in the D.P.N. molecule to form an inactive D.P.N. analogue.
These results show that 6-aminonicotinamide causes malformations by interfering with some function of nicotinamide, probably with its role in D.P.N. synthesis. The rapidity with which 6-aminonicotinamide acts, and the ability of nicotinamide to protect against its effects, provided an opportunity to study the effects on embryonic development of precisely timed short exposures of pregnant mice to this nicotinamide antagonist.
Materials and Methods
A/Jax male mice, 3 to 4 months old, were placed overnight with C57BL/6 females which were observed for vaginal plugs in the morning. Similarly C57BL/6 males were mated with A/Jax females. Animals were maintained on Purina Lab Chow, supplemented with milk and lettuce once a week, and water ad lib.
At approximately 91, 10+, or 11+ days after a vaginal plug was observed pregnant females were given a single intramuscular injection of 6-aminonicotinamide, the standard dose being either 0.4 or 0.5 mg., depending on whether the animal weighed less than or more than 23 g. on the morning a vaginal plug was observed. Females receiving 0.4 mg. of 6-aminonicotinamide were treated, two hours later, with 0.15 mg. of nicotinamide (the ", single protective dose ") or 0.3 mg. (the "double protective dose "). Females given 0.5 mg. of 6-aminonicotinamide received proportionately more nicotinamide (0.19 or 0.38 mg. respectively). Control females received the 6-aminonicotinamide and a single protective dose of nicotinamide simultaneously.
At 181 days after insemination the animals were killed and the offspring removed. After gross examination most embryos were prepared for skeletal staining with alizarin, and some were fixed for histological study.
Results
The types of skeletal malformation produced by treating pregnant female mice of heterogeneous genetic background with 6-aminonicotinamide have been described previously (Pinsky and Fraser, 1959) . Similar types of malformation were produced by the present method, except that the frequency of cleft-lip, with cleftpalate, reported as showing an equivocal increase over the control figure in the previous experiment, showed a marked increase in C57BL x A/Jax embryos treated on day 91-in the present experiment.
Protective Action of Nicotinamide
In evaluating our results four criteria of teratogenic activity were used: (1) frequency of resorption sites, as identified by'the presence of a recognizable placenta with no embryo, or a resorbing embryo; (2) frequency of cleft-palate, without cleft-lip; (3) frequency of cleftlip, with cleft-palate; (4) frequency of major hind-limb defects, defined as absence or extreme hypoplasia of the tibia and/or severe digital anomalies.
To find out whether a " single protective dose" of nicotinamide is, in fact, fully protective two tests were used. Firstly, the " single protective dose " was given simultaneously with the 6-aminonicotinamide. This treatment caused no appreciable increase in number of resorption sites, and no malformations (Tables I, II , and III), suggesting that, given simultaneously, a " single protective dose" of nicotinamide protected the embryos against the teratogen. However, when the same dose was given two hours after the teratogen there was a marked rise in frequency of both resorptions and malformations. This means either that a two-hour deficiency of 6-aminonicotinamide is teratogenic, or that the single protective dose of nicotinamide did not completely inhibit the effect of the 6-aminonicotinamide, so that the teratogen acted for a period longer than two hours. If the latter possibilitv was in fact the case, one would expect that a " double protective dose " of nicotinamide given two hours after the teratogen would result in a lower frequency of malformations than the " single protective dose." Table I useful mrthod for analysing the vitamin requirements of various organogenetic processes in the developing embryo, and it is interesting that the nicotinamide requirements of the embryo-mother system studied appeared to vary from one gestational day to another. This approach might profitably be extended to other compounds as well. 3. Though the standard dose of 6-aminonicotinamide without protection produces marked weakness within 6 to 12 hours (Pinsky and Fraser, 1959) , the two-hour treatment with 6-aminonicotinamide, followed by a protective dose of nicotinamide, does not produce any signs of distress in the mother. Nevertheless, this brief exposu-re is highly teratogenic in mice.
4. Though it is unwise to extrapolate experimental findings in mice to human beings, our results emphasize the need for careful nutritional and metabolic studies of mother and cmbryo in normal pregnancies and in those that give risc to malformations. 
Medical Memoranda
Rupture of the Triceps Tendon Sudden rupture of the triceps tendon is rare. Conwell and Alldredge (1937) describe triceps rupture as the least common of all tendon ruptures, as also do Waugh et al. (1949) writing of personal experience. Gilcreest (1925) , however, lists frequency of rupture in the following order: Achilles tendon, quadriceps tendon, biceps and triceps of arm, rectus abdominis, supraspinatus and adductors of thigh, trapezius, pectoralis major and minor.
CASE HISTORY
A 24-year-old building-erector was admitted to hospital, having fallen 18 ft. (5.5 m.), landing on his outstretched right arm. Apart from numerous abrasions about the face and right thigh, there were clinical signs of a fracture of the right wrist. Swelling around the right elbow was noted, together with abrasions over the olecranon and upper part of the ulna, but there was no bony tenderness. X-ray examination revealed a fracture through the lower end of the radius and the styloid process of the ulna with some dorsal angulation. Just visible on the radiograph was the elbow showing avulsion of an olecranon spur. Re-examination of the elbow revealed loss of active extension and a palpable gap immediately, proximal to the olecranon.
At operation next day the triceps tendon was found completely avulsed from its attachment to the olecranon.
Repair was effected by three soft-tissue catgut mattress sutures placed respectively medially, laterally, and posteriorly. The wrist fracture was manipulated and the arm immobilized in an above-elbow plaster cast with the elbow 60 degrees short of full extension. The cast was discarded after 34 days and active use of all joints encouraged. An x-ray film two weeks later showed that D the avulsed olecranon spur lay in contact with the olecranon, indicating that the soft-tissue repair had been effective. Four months after the injury the patient was discharged from hospital with a clinically normal wrist and a normal range of movement and power at the elbow.
COMMENT
The only previously reported example of sudden rupture of the tendon of the triceps is that described by Anderson and LeCocq (1957) . A 28-year-old man fell from a log and suffered a complete rupture of the triceps tendon at the point of its insertion into the olecranon. The tendon was reattached by a braided stainless-steel wire passed through two holes drilled in the olecranon. The elbow was immobilized for three weeks. Full strength was regained, but elbow extension lacked about five degrees. The same authors also describe a rupture of the triceps tendon in a 27-year-old woman that was not seen until one year after the original accident. Montgomery (1920) and Gilcreest (1925) each describe an example of rupture at the musculotendinous junction of the triceps. Gilcreest suggests that excessive fatigue may be a relevant factor, as it renders muscle fibres much less likely to resist a sudden or forceful pull or jerk, and states that ruptures of the biceps and triceps are not uncommon in baseball players and weight-lifters.
The example of rupture of the triceps tendon described here is of interest in that it was associated with a fracture of the lower end of the radius in the same arm, the wrist injury being the only lesion about which the patient was complaining when examined soon after the injury, and is a reminder of the importance of a thorough clinical examination after an injury. It demonstrates that a simple effective repair is possible with absorbable material and without transfixing bone.
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